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Chronic neurodegenerative diseases are a group of devastating neurological disorders that result in significant morbidity and
mortality in the elderly population worldwide. Recent researches have shown some interesting associations of the classical
antiobesity hormone leptin with two most important neurodegenerative diseases—Alzheimer’s disease (AD) and Parkinson’s
disease (PD). Although several clinical studies have found the procognitive and memory-enhancing role of this peptide hormone
in leptin-deficient patients, surprisingly it has not been used in any clinical trials involving patients with developing or full-
blown neurodegenerative conditions. This review article is an attempt to bring together the existing information about the clinical
associations of leptin with AD and PD. It starts with the basic understanding of leptin action in the brain and its derangements in
these diseases and eventually discusses the potential of this hormone as a neuroprotective agent in clinical scenario.

1. Introduction

Aging-related chronic neurodegenerative diseases constitute
a spectrum of neurological disorders characterized by a
gradual loss of neuronal functions resulting from the toxicity
of accumulated misfolded proteins [1–5]. Alzheimer’s disease
(AD) and Parkinson’s disease (PD) are the twomost common
diseases of this group inflicting mostly the elderly population
worldwide.These devastating disorders of neuronal dysfunc-
tions are characterized by cognitive decline, memory loss,
autonomic disturbances, and motor impairment [6–12]. By
far, although a lot of theories and therapeutic targets have
been identified underlying these debilitating diseases and
various risk factors have been implicated in their patho-
genesis, this spectrum of challenging disorders remains an
enigma to the physicians and the scientists. Aging has been
accredited as the major risk factor for neurodegeneration

and recentlymuch attention has been focused simultaneously
on the possible role of obesity in the pathogenesis of this
group of disorders [13–15]. A possible entangled relationship
among obesity, aging, and neurodegeneration has also been
proposed in many studies [14, 15].

Leptin is a polypeptide hormone involved significantly in
the well-established role of regulation of energy homeostasis
and neuroendocrine functions of our body via its action
on the hypothalamus [16, 17]. Recent studies have found
an interesting role of this hormone in various neurological
functions like regulation of hypothalamic neuronal excitabil-
ity, inhibition of hippocampal neurons, regulation of activity
of the mesolimbic dopaminergic system, and modulation
of synaptic plasticity and novel antidepressant actions [17–
20]. Many of these neurological properties of leptin are
currently being probed in order to get a strong foothold
of the therapeutic implications for neurological disorders.
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The present paper discusses the various aspects of leptin as a
potential therapeutic molecule in the treatment of neurode-
generation along with the findings of some recent clinical
studies showing its association with this group of disorders
followed by a review of the clinical trials using leptin and its
prospect as therapeutic agent in neurodegenerative diseases.

2. Leptin Action in the Brain: Molecular Basis

Leptin is a 16 kDa polypeptide product of obese (ob) gene
and is synthesized and secreted from the white adipose
tissue of our body. On being released from the adipocytes,
this peripherally derived leptin enters the central nervous
system (CNS) via saturable transport across the blood brain
barrier (BBB) and some leptin is synthesized locally in
the specific regions of CNS like hypothalamus, cortex, and
cerebellum as evidenced from the presence of leptin mRNA
and protein in various parts of the brain [16, 18, 21]. Of
the many leptin receptor (Ob-R) isoforms, Ob-Rb is the
predominant signaling form and is present in many sites
within CNS including hippocampus and cortex (affected
mainly inAD) and in substantia nigra (affectedmainly in PD)
[22].Ob-Rs are expressed both in the hypothalamic and in the
extrahypothalamic sites [18, 23, 24]. The Ob-R lacks tyrosine
kinase activity and acts via associationwith the Janus tyrosine
kinase (JAK) by JAK/STAT and Ras-Raf-MAPK pathways
[18].The different signaling pathways that leptin acts through
have been extensively elaborated elsewhere in a review article
[23].

3. Impairment of Leptin Action with Aging

Studies involving aged rats have shown decrease in leptin
response compared to their younger counterparts [22, 25].
This has been accounted for a number of reasons like
reduction in the STAT3 activation downstream of the leptin
receptor (Ob-R) signaling pathway, decrease in the Ob-R
expression due to reduced uptake of leptin by the hypothala-
mic nuclei, impaired suppression of hypothalamic neuropep-
tide Y (NPY) mRNA levels, and increased inhibition of Ob-R
signal transduction owing to the age-dependent increase in
the level of suppressor of cytokine signaling-3 (SOCS-3) and
protein tyrosine phosphatase 1B [25–29].

4. Aberrant Leptin Signaling in
Neurodegenerative Diseases

Accumulation of amyloid beta (A𝛽) and tau hyperphos-
phorylation within the CNS are implicated significantly in
the pathogenesis of neurodegenerative diseases like AD and
PD [30–32], and leptin affects these two vital processes
[33]. Dysregulation of leptin signaling pathway and neuronal
leptin resistance have been recently shown to underlie the
pathophysiology of AD [33]. Ob-Rb trafficking to the cell
membrane depends on proper functioning of microtubules,
and tau protein is a microtubule associated protein [34, 35].
Findings by Bonda et al. suggest that, due to formation of
neurofibrillary tangles (NFTs) by hyperphosphorylated tau
proteins, the Ob-Rb leptin receptors cannot translocate to

the neuronal cell membranes but get sequestered in the
NFTs, thereby causing physical inaccessibility of leptin to its
receptors [33].The resultant decline of leptin signaling causes
hypersecretion of leptin and hence its level in circulation
increases under such circumstances [36].

5. Neuroprotective Functions of Leptin in
Experimental Models

Many studies have demonstrated protection of neuronal
cell loss and preservation of neuronal function by leptin
[37–39]. Leptin prevents neuronal death by reducing A𝛽
levels both in vitro and in vivo, as well as by reducing tau
hyperphosphorylation [40, 41]. The neuroprotective role of
leptin has been extensively studied in both in vitro and in vivo
models of neurodegeneration [42–44]. In vitro model of PD
using cultured dopaminergic cells exposed to the neuronal
toxin 6-hydroxydopamine (6-OHDA) has shown protection
from death by leptin [39, 42]. In vivo study with animals
treated with the same toxin has been shown to have greater
number of surviving neurons in the substantia nigra when
treated with leptin compared to controls [39]. In that study,
it has been shown that leptin-induced CREB activation by
MEK/ERK pathways causes increase in BDNF production
that imparts the neuroprotective role of leptin [39]. That
BDNF plays an important role in long-term potentiation
(LTP), a form of synaptic plasticity, responsible for long-
termmemory (LTM) formation and synaptogenesis has been
extensively reviewed elsewhere [45]. Hence leptin by increas-
ing BDNF production has potential role in synaptogenesis
and neuronal plasticity. Leptin has also been described to
mediate its actions by JAK/STAT pathway [39]. Phospho-
inositide 3 (PI3) kinase pathway, with the downstream targets
of Akt and NF-𝜅B, and MAP kinase pathways have been
shown to be the targets of leptin-mediated neuroprotective
effects in neurodegenerative studies [42]. In a study using
cultured hippocampal neurons, it has been shown that leptin
reduced superoxide production and stabilized mitochondrial
transmembrane potential [40], and since reactive oxygen
species and mitochondrial dysfunction play significant roles
in the pathogenesis of neurodegenerative diseases [46], leptin
has an important role in prevention of the neuronal death
in this group of diseases. The various mechanisms of such
protective effects of leptin that have been proposed in that
study include activation of mitochondrial manganese super-
oxide dismutase and expression of antiapoptotic protein Bcl-
xL leading to stabilization of mitochondrial transmembrane
potential and promotion of transcription of uncoupling
protein 2 (UCP2), all of which act towards reduction of
superoxide production [40]. Leptin has also been identified
as an inhibitor of 𝛽-secretase (𝛽-site APP cleaving enzyme,
BACE) and hence it reduces the formation of A𝛽 formation
[21, 47]; a very recent study by Marwarha et al. has shown
that in a sirtuin SIRT1-dependent manner, leptin mediates
this effect by reducing the acetylation of Lys 310 residue in the
p65 subunit of NF-𝜅B, thereby reducing the NF-𝜅Bmediated
transcription and expression of BACE1 [48]. The disruption
of the lipid raft structure, thereby hindering the interaction
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of amyloid precursor protein (APP) with BACE, has also
been proposed as the underlying mechanism for inhibition
of BACE activity by leptin [47]. Recent studies have shown
that direct injection of leptin into the hippocampus of rodents
improvesmemory processing andmodulates LTP and synap-
tic plasticity via selective enhancement of N-methyl-D-
aspartate (NMDA) responses by activation of PI3K, MAPK,
and/or Src tyrosine kinase [49]. Improved memory following
leptin administration has also been found in SAMP-8 mice,
an accelerated senescence rodent model that develops amy-
loid plaques [37]. Chronic leptin administration to the APP-
overexpressing mouse, Tg2576, by implanted miniosmotic
pumps reduced brain amyloid levels significantly [44, 47]. In
a recent study by Doherty et al., it has been shown that leptin
reverses the A𝛽 inhibition of hippocampal LTP, reduces A𝛽-
induced facilitation of long-term depression (LTD) by PI3
kinase pathway, protects against A𝛽-induced internalization
of glutamate receptor 1 subunit (GluR1) by PI3 kinase-
dependent mechanism thereby preventing removal of 𝛼-
amino-3-hydroxy-5-methyl-4-isoxazole propionate (AMPA)
receptors from the synapses in hippocampal neurons, pro-
tects cortical neuronal death against A𝛽-mediated toxicity by
STAT3-mediated pathway, and reduces A𝛽-induced expres-
sion of synaptic protein endophilin 1 and phosphorylated
tau in cortical neurons both in vitro and in vivo [50]. These
interesting findings suggest potential beneficial effects of
leptin in both early and late stages of AD [50]. The different
effects of leptin on the morphology and functions of the
neurons are shown schematically in Figure 1.

6. Leptin and Neuroinflammatory
Basis of AD and PD

Many studies uphold the neuroinflammatory hypothesis of
AD and PD [51, 52]. Studies have shownmicroglial activation
in the substantia nigra [53] and locus coeruleus [54] of post-
mortem PD brains [55]. Several studies have shown the pres-
ence of CD8+ and CD4+ T lymphocytes in the brain regions
affected in PD [53, 56]. Cytokine production and oxidative
stress have been implicated in the pathogenesis of PD as well
[46, 52]. Similarly, neuroinflammatory basis of AD has been
evidenced in many studies as reviewed elsewhere [52]. In a
brain ischemia model in rat, it has been shown that leptin
causes neuroprotective effects by early regulation of reactive
astrocytes via increasing STAT3 phosphorylation [57]. Leptin
has been associatedwith inflammation and immune response
in humans and animals. In the periphery, leptin is known to
affect many aspects of immune response and inflammation
like induction of chemotaxis of neutrophils, increase in the
CD4+/CD8+ lymphocytes, T helper 1 cells differentiation,
and development of natural killer (NK) cells [58]. One
study has proposed that, in response to inflammation, the
acute phase reactant C-reactive protein that is produced by
hepatocytes in the periphery binds to circulating leptin and
reduces the effects of leptin in the brain, thereby creating
a leptin-resistant state in the body [58]. Leptin in phar-
macological concentrations also induces the production of
proinflammatory cytokines like IL-1𝛽, IL-6, and TNF-𝛼 and

contributes to different responses to inflammation [58, 59].
IL-1 is a major proinflammatory cytokine and activation of
its signaling pathways plays an important role in the defense
responses against inflammation in the body including the
brain [59]. It has been shown that primary rat microglial
cells express leptin receptors [59]. Leptin targets microglial
cells in the brain causing synthesis and release of IL-1𝛽
and its naturally occurring receptor antagonist IL-1RA [59].
IL-1RA is present in the brain and circulation of normal
humans and rodents [59]. Thus whether the effect of leptin
on the brain will be proinflammatory or anti-inflammatory
will depend on the relative concentrations of IL-1 and IL-
1RA produced by the action of leptin. Astrocytes, the most
abundant glial cell type in the brain, get activated in response
to various inflammatory stimuli and cause upregulation of
proinflammatory cytokines [60]. They play an important
role in the neuroinflammatory basis of neurodegenerative
diseases like AD [60]. Leptin receptor and mRNA have been
shown in rat brain astrocytes along with the changes in the
expression of leptin receptors in cultured C6 astrocytoma
cells in response to proinflammatory stimuli [61]. Thus it
is possible that leptin acts on these inflammatory cells in
the brain and modulates neuroinflammatory processes in
an intricate manner. The neuroprotective effects of leptin as
seen in various studies may, therefore, have a potential anti-
inflammatory basis, and it will be interesting to explore this
aspect of leptin in experimental models of AD and PD.

7. Effects of Leptin on Dopamine Actions:
The PD Connection

The degeneration of both the mesostriatal and mesolimbic
dopaminergic pathways has been suggested to be involved
in PD [62]. Various studies have mainly focused on leptin
effects on the mesolimbic dopamine function and feeding
behavior [63–65]. A strong association between plasma leptin
and cerebrospinal fluid (CSF) dopamine levels (𝑟 = 0.74; 𝑃 <
0.01) in humans has been shown in one study [66]. Leptin
receptors are present in dopaminergic neurons in midbrain
[67, 68] and leptin acts directly on these neurons [63].
Leptin has been shown to modulate D2 receptor expression
in striatum, and a unique interaction between the leptin
receptors and D2 receptors exists in these neurons in mice
[64]. Although these results indicate a potential role of leptin
in regulating the action of dopamine in the brain, the exact
molecular mechanisms of such actions of leptin are yet to be
elucidated.

8. Effects of Leptin on Myelination:
The AD Connection

Although not included within the defining histopathological
features of AD, the degeneration of white matter is a usual
finding in postmortem AD brain [69, 70]. There is a growing
body of evidence to indicate that the disruption of myelin
and injury to oligodendrocytes could play a major role in
the neurodegeneration of AD and interestingly the process
primarily affects the late-myelinating neurons which show
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Figure 1: Effects of leptin on neuronal health and functions. The schematic diagram shows different pathways by which leptin exerts
its neuroprotective, procognitive, memory-enhancing, and other beneficial effects on neuronal health and morphology. NU: nuclear; CY:
cytosolic; MMP: mitochondrial membrane potential.

a very protracted phase of myelination beginning from early
brain development to well into midlife [71]. The white matter
damage in the late-myelinating tracts in AD brain is also
supported by in vivo imaging techniques using diffusion
tensor imaging (DTI) or white matter tract integrity (WMTI)
metrics, and further the Pittsburgh compound B (PIB) imag-
ing of A𝛽 peptides confirms the antemortem deposition of
A𝛽 peptides in the late-myelinating regions of the brain [72,
73]. In the brain of transgenicADmice, such lesions inmyelin
and oligodendroglia have been noticed even before the onset
of significant A𝛽 or tau pathology [74]. Very conspicuous
age-related disruption of myelin in the sensorimotor areas
of brain and optic nerve has been observed by electron
microscopy, though there is clear evidence of continued
remyelination in the aged CNS [75, 76]. Further, the microar-
ray hybridization analysis and quantitative polymerase chain
reaction (qPCR) studies have revealed significant alterations
in the expressions of genes related to lipid metabolism,
neurotransmitter transport, and immune response in the
optic nerve of aged rats [75]. Since aging is themost dominant
risk factor for AD, such age-related changes may be causally
linked to disruption of brain myelin observed in postmortem
AD brain. The multiple implications of myelin disruption
and repair with AD pathogenesis such as A𝛽 accumulation,
oligomerization and toxicity, altered APP and BACE1 expres-
sion, accumulation and hyperphosphorylation of tau, and
axonal and synaptic dysfunctions have been well presented in
a recent review, but the evidence apparently is not compelling
enough for claiming myelin dysfunction as a major driving
force for the genesis and progress of AD [77]. However,
several aspects need vigorous exploration in this context. For
example, it has been pointed out that oligodendrocytes and
myelin are enriched in iron and the disruption of myelin may
release reactive metal which can promote oxidative damage

and A𝛽 oligomerization and toxicity [73, 77]. Likewise, the
vulnerability of oligodendrocytes to hypoperfusion, oxygen
radicals, products of activated microglia, and other toxic
insults or the alterations in cholesterol turnover and traffick-
ing within the brain as a result of myelin injury and repair
could be important determinants in AD pathology [77].
Similarly, A𝛽42-induced caspase activation and apoptosis
in mouse oligodendrocyte precursor cell line are crucial
evidence linking myelin disruption with AD pathology [78].
The role of leptin in regulating myelin synthesis during brain
development has been indicated in several studies over the
years. Leptin deficiency in genetically obese (ob/ob) mice
leads to reduced brain weight and impaired myelination with
altered fatty acid composition, and further in such mutant
mice the expression of myelin basic protein, proteolipid
protein, and glial fibrillary acidic protein is diminished in
neocortex, hippocampus, and striatum [79, 80]. Such changes
inmyelin proteins have also been observed in leptin-resistant
state in diabetic dyslipidemic (db/db) mice [80]. The effect
of leptin administration in reversing impaired myelination
or altered expression of myelin proteins in ob/ob mice is
somewhat inconsistent. It is reported that injection of leptin
daily from 4 to 10 weeks of age in ob/ob mice does not
reverse the decreased expression of myelin proteins in these
mice, although the weight and protein content of the brain
and expression levels of several neuronal proteins show
significant improvement [80]. However, in a recent study,
leptin administration in young ob/ob mice has been shown
to increase the expression of myelin basic protein and the
density of myelinated axons without increasing the thickness
of myelin sheath [81]. Thus, further detailed explorations are
needed to understand the regulatory role of leptin on myeli-
nation of brain in early postnatal life and more importantly
on myelin repair or recycling in adult or aged brain.
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9. Clinical Studies: Leptin, Cognition,
and Memory

Studies have shown a strong inverse association of AD
and dementia with leptin levels. In a large population-
based prospective cohort study involving 785 personswithout
dementia, higher leptin levels have been found to be associ-
ated with reduced risk of AD over a median follow-up period
of 8.3 years [82].The same study has also shown in a subset of
the cohort that the elevated plasma leptin is associated with
higher cerebral volume as evaluated withmagnetic resonance
imaging [82]. Another large-scale prospective study of 2871
elderly (age: 70–79 years) participants has demonstrated that
higher circulating leptin level is protective against cognitive
decline [83]. A recent study comprised of 60 cases and 60
controls showed lower levels of circulating leptin in AD
subjects as well as its strong positive correlation with the
severity of the dementia [84]. Similarly, several other case-
control studies have confirmed that lower serum leptin is
associated with AD [85–87]. Contradicting this, a small study
has shown no change in serum leptin levels in AD patients
compared to controls [88]. Similarly, another cross-sectional
study involving 150 AD patients and 197 normal controls
has failed to find any significant difference in the leptin
levels between these two groups [89]. With regard to case-
control studies it is important to remember that donepezil,
an acetylcholinesterase inhibitor (AChEI) currently used in
AD therapy, tends to lower the serum leptin levels [90,
91]. A recent study has also shown that renin-angiotensin
system blockers might play a beneficial role in AD subjects
by modulating the serum leptin level and slowing down
cognitive decline [92].

Isolated studies have shown lower serum leptin levels in
PD patients [93, 94]. Fiszer et al. in their study involving 11
PD patients with unintentional weight loss, 16 patients with
no weight loss, and 12 control subjects have shown that the
mean leptin concentration in plasma is lower in PD patients
with weight loss as well as in all PD patients than in control
subjects [93]. Likewise, another study has reported a lower,
but statistically nonsignificant, serum leptin level in weight-
losing PD subjects than their weight-stable counterparts [95].
A case-control study in Turkish PD subjects has shown that
serum leptin levels do not correlate with disease progression
or clinical severity but correlate with the age of the PD
patients with younger patients having lower mean leptin
levels [96]. Another recent study has shown no change in
serum leptin level in PD patients compared to controls and
also failed to establish any correlation between serum leptin
and clinical or demographic data [97].

10. Leptin Replacement and Clinical Trials

Several clinical studies with leptin replacement therapy have
been undertaken sporadically by certain groups in order to
improve the neuronal functions in leptin-deficient patients.
One such study showed improvement in the gray matter
tissue concentration in the anterior cingulate gyrus, inferior

parietal lobule, and cerebellum in three genetically leptin-
deficient adults 6 months after initiation of recombinant
methionyl human leptin (r-metHuLeptin) administration
subcutaneously, and it was found to be sustained for over 18
months [98]. These results persisted for more than 3 years
of leptin replacement and were reversed after a few weeks
of withdrawal of leptin [38]. The cognitive enhancing role
of leptin has also been seen in a young leptin-deficient boy
who was put on a single daily evening dose of r-metHuLeptin
treatment (to mimic the physiological circadian rhythm
with nocturnal rise as seen with endogenous leptin) from
the age of 5 years and 1 month and evaluated twice in
two years [99]. Procognitive effects of leptin were noted in
the child after such leptin treatment as was evident from
improvements in various subsets of the Differential Ability
Scale (DAS) and neuropsychological assessment (NEPSY)
[38, 99]. These trials and findings point to the role of
leptin in improving the neurocognitive functions of human
brain.

Very recently, in February 2014, synthetic analog of leptin
(known as metreleptin) has received approval from the
United States Food and Drug Administration (FDA) for the
treatment of generalized lipodystrophy [100]. However, the
two dreaded and potential side effects of its treatment are
risk of lymphoma and development of anti-leptin antibodies
[100]. In spite of its immense beneficial roles in improvement
of neuronal functions as evident from the cell-based and
animal-based preclinical studies as well as from clinical trials
in leptin-deficient conditions, leptin has not yet found place
in clinical trials with neurodegenerative patients.

11. Future Prospective

The approved drugs for AD comprising three anticholines-
terases (donepezil, galantamine, and rivastigmine) and
one antiexcitotoxic (regulating glutamate activity) agent
(memantine) appear to be extremely inadequate in halt-
ing this devastating neurodegenerative disorder. Moreover,
recent clinical trials targeting A𝛽 peptide have failed to
produce any significant clinical benefit [101]. The treatment
opportunity for PD is somewhat better, but the patient
eventually becomes nonresponsive to the treatment with
L-3,4-dihydroxyphenylalanine (L-DOPA) or anticholinergic
agents, and so forth, and the drug side effects become
increasingly troublesome [9, 102]. For both AD and PD, the
identification of new disease-modifying drugs is, therefore,
imperative. The emerging role of leptin in the pathogenesis
of AD and PD supported by both experimental and epi-
demiological studies allows us to envisage a novel therapeu-
tic approach for the treatment of these neurodegenerative
disorders. However, large-scale placebo-controlled and well-
designed clinical trials with special attention to the tim-
ing of treatment initiation, duration of treatment, suitable
monitoring by biomarker assay, imaging studies or clinical
evaluation, and finally identification of long-term toxicity of
administered leptin will be necessary.



6 Asian Journal of Neuroscience

Abbreviations

AD: Alzheimer’s disease
APP: Amyloid precursor protein
A𝛽: Amyloid beta
BACE: 𝛽-Site APP cleaving enzyme
BDNF: Brain-derived neurotrophic factor
CREB: cAMP response-element binding protein
ERK: Extracellular signal-regulated kinase
JAK: Janus kinase
LTP: Long-term potentiation
MAPK: Mitogen-activated protein kinase
MEK: MAPK/ERK kinase
NF-𝜅B: Nuclear factor-kappa B
NFT: Neurofibrillary tangle
PD: Parkinson’s disease
PI3: Phosphoinositide 3
SOCS: Suppressor of cytokine signaling
STAT: Signal transducer and activator of transcription.
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